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FOREWORD

This work présents cloud statistics derivéd from individual weather observa-

‘tions collected by metecrologists on board Ocean Station Weather ships from North

Atlantic and Pacific locations and from passenger ships at various locations. The
data was collected during the time period January 1965 to December 1971 and was
broken down into four three-month seasons. The matrix methods developed by

Ivar Lund, AFGL, were used ‘to calculate Cloud-Free Line of Sight probabilities up
to three k11ometer altitudes (lower clouds). Included in this report are statis-
tics on cloud base heights, cloud covers and cloud types. Mr. Tom Fredian of the

.Naval Oceanographic Commani, NSTL Station, Mississippi supplied photographs of the

low cloud types found in th1s puol1cat1on

This study was funded by the U.S. Navy's Electro-opt1ca1 Meteoro]ogy Program
at the Naval 0zean Systems Center (Code 532) under program element 627%9N,
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CHAPTER - 1
" INTRODUCTION

The operation of systems based on the propaaation of visible and/or infrared
e]ec*romagnet1c signals through the atmosphere can be severely restricted by clouds
interposed in the line of sight (LOS). Even for the preliminary designs of atmos-
pheric optical systems it becomes necessary to obtain estimates of the probab1]1-
ties of cloud-free tines of sight (PCFLOS) at the potential sites of operat1on in
order to take account of the’ 1mpart of th1s aspect of atmospheric phenomena in
their performance

It is the main ob3ect1ve of this report to supply such first rough estimates
for a discrete set of surface-to-air LOS up to a he1ghL of the order of 2500 m at
fifteen marine locat1ons

The 1dent1f1cat1on code for these 1ocat1ons and their coordinates are given
in Figure 1-1 and Table 1-1.

We proceed next to high}ight the content; of this report;

Weather information on clouds needed for the calculations or relevant to the
‘problem is discussed in Chapter 2 on "Statistics for Clouds Berow 2500 Meters,”
which includes the data for station M as an example. Our statiz*ical weather data
for all locations is reproduced in Appendix A. .~ , n

: Chapter 3 deals with the "Method: for the Determination of PCFLOS ( .

_ Slant Range " tgat is, tBe probability of c]oud f-ee L0S at an elev;tIon an&le
(A e up to a height H, = 25. 75, 150, 250, 450, 800, 1250,

1750 2750 meters) and the correspond1ng slan ranges for target sightin . Our

procedure, which makes use of the universal method of Lund and hanklin ?see

b1b11ography) is fully d1scu:sed in this chapter. :

)} ‘and

Append1ces B and C suppiy, respect1ve1/. an intermediate step and the f1na1
results of the calculaticn of PCFLOS (A., H.)' for wintar, spring, and fall for
each location. They are explained in Cﬂapter4 where station M has been s1ng|ed
out again as an example by having 1ts da*a and results listed ana plotted in
various ways.

In order to prov1de a quick visual compar1son among various 1ocat1ons, we
produced also plots for stations 1, 9, and J, although not as many as for M.

These plots and a duplication of the corresponding ones of M constitute Appendix D.

1-1
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Finally, we summarize the results on the statistics of clouds below 2500

meters, PCFLCS (Ai’ H.) and slant range and inciude some relevant comments about
them in Chapter 5. ' -
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SURFACE STATIONS'

TABLE 1-1
. : ALPHA-NUMERIC LOCATION .
IDENTIFICATION DESIGNATION LAT. LONG.
1} 2 33N 34E

2 36N OE
9-10 9 17N 107E

A A* 62N 33W

B B 56N 51W

c c 52N 35W

D D 44N 4W

H H 48N 36W

! i 60N 19W

J J* 53N 19W

K K 45N  16W

M M 66N  2E

N N 30N 140W

P P 50N 145W

T T 29N 135E

v v 31N 164E

* HOURLY OBSERVATIONS
*(SEE FIGURE 1-1)
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CHAPTER 2
STATISTICS FOR CLOUDS BELOW 2500 METERS

Records of weather observations for the marine locations studied in thig
report were supplied by the National Climatic Center, Asheville, North Carol1na:
They were performed every three (at some locations six) hours and cover the period

from 1965 to 1971 or 1972 for all stations except station H which covers the period
from 1970 to 1978. ‘

The observations were separated in four seasons. Spring contains. ail of
March, April, and May; summer--June, July, and August; fall--September, Octcher,.
and November; winter--December, January, and Februarv. Fall data, which wvas found

- to be similar to spring's, was not included in this study. The actual numbers o+
observations .for each location and season appear in Table 2-1.

The data was accumulated at the fifteen northerrn hemisphere locations shown
in Figure 1-1, with alphanumeric designations, latitude and longitude given in
Table 1-1. Observations made in some areas were combined and are reported as
belonging to single locations. Thus, data from stations 1 and 2, for exampie,
both located in the Mediterranean Sea were combined and are presented here as
of location 1. Likewise Southeast Asia data from 9 and 10 are given as of 9.

Specifically, the records supplied by the National Climatic Center include:

lowest cloud base height
low cloud amount
low cloud type, CL

middle cloud type, Cy
high cloud type, CH
f. total cloud cover

mCLﬂU'?I
. . PR

Lower cloud heights are given by indicating in which height cell the clouds
were observed. Table 2-2 lists the ten WMO height cells with their code numbers,’

heights, and midrange points. For the last cell we have chosen 3000 meters as
the midrange point for the LOS estimates. .. ' ‘

In this report the midrange heights.H are used to identify the base height‘
cells. o - ' ,

Tables 2-3, 2-4A, and 2-4B give the WMO code and definitions and photographic
. illustrations for lower and total cloud cover [amount) and for low cloud types (C
Notice that the lowest cloud base in our observation is not always due to what is

t)‘
defined in Tables 2-4A and 2-4B as a low cloud type: if none g7 these is present

2-1

e Tpl i |t e
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Jin a part1cu1ar instance, the lowest cloud base would be that of a m1dd]e or h1gh
cloud type

The coded records of the marine observations supplied by the National Climatic
Center have “een interpreted according to the 1960 WMO Code 16CL and used tc cbtairn
the lower cloud base height ard iow cloud statistics. Appendii A cunsists eatirely
of tables of lower cloud base and low c¢loud ctatistics for win%er, scring, anc )
summer for all fifteen locaticns. The top taole of each page gives the elements of
the transposad of the local lower cloud base matrix L (C d.) multiplied by 100.
The ejaments of L (C., Y.) are the relative freo.ezncias corrgspono1no to the two
dimensional cell cendtedey \C My \ where C is che lower c¢loud cover and Hy the

<-m1drande height of the 1t' cell. we take these frequer.ies as probab111t1es

The right hand colusn oFf tne top tables is the ma ginal frequency correspodc-
ing to base heiznt. it is obtained by adding the elements cn the same row and is
dancted here oy

9 |
)0 LG Hy) | | S (2-)

=1

Similarly the marginal frequencies for cloud cove: appear on the li~2 lateled
“A11 Tower clouds (percent).”

. The tables on the lower half of each page deal :rith the statistics for low
cloud type for the same height cells and should be intarpreted according to Tables
2-4A and 2-4B. We have made a small modification to the low cloud classwflcat1on
such that all the freguency entries for the 0-50 meter base height have been
transferred to a new category labeled "fog." .

The low c¢loud type tables were not used explicitly in the LOS calculaticns.
For the purpose of illustration, we reproduce in this chapter the cloud tables for
station M as Tables 2-5A a~+ 8 through Tables 2-7A and &.

Four locations. ., 9, J. and M, have therr lower c!oud base frequencies
7 plotted for three sea,ons ln Fvgures o1, Do, D11, and D16 of Append1x D.

The reader should recall that the sharp 1ncreases in frequency often found
for 3000 meters in the lower (loud base statistics includes observations of no
clouds and of all clouds above 2500 meters and that, in qeneral, it would not
correspond to actual clouds being present at or near that height but to the intes
grated »alue over a very extensive cell, ,
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TABLE 2-1
NUMBER OF OBSERVATICNS PER SEASON AND LOCATION

i La~itude Longitude | Winter i Spring f Summer
i : ‘ ' i
17 E 107€ 4245 410" 3673
29N - 135f 1454 2033 4766
30N 140w 3348 3394 3392
3IN 164t 2600 | 2722 2839
033N 4E 618 707 740
1 36N OF S
44N W . 2299 2444 2607
45N 164 173) 1777 N3
asN 360 3521 193] 1979
50N 1450 2496 2163 . 2514
53% W 20614 2625 2739
53N 19w 2097 2151 2214
S6N ‘ S1W - 2652 2646 2790
60N 19W 1976 . 2194 . 2248
624 IM 2032 2156 - 2091
66 S 26 2063 2495 2562

2-3
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WMO CODE 1300 HEIGHT IN ' MID-RANGE HEIGHT H
FIG' RE " METERS - METERS
o 0- 49 25
1 56- 99 75
2 100-. 199 150
3 200- 299 250
4 300- 599 450,

5 60C- 999 "800
6 1,000 - 1,499 1250
7 1,500 - 1,99¢ 1750
8 2,000 - 2,499 2250
9 2,500 or higher 3000

" of no clouds ' ot higher

*FROM SURFACE MARINE OBSERVATIONS. TAPE DECK TOF-11

244
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TABLE 2-3
CODE FOR CLOUD COVER"

' TOTAL CLOUD AMGUNT (N) Fraction of celestial dome covered by all clouds.
LOWER CLOUD AMOUNT <Nh) Fraction of celestial dome covered by all the,CL_
' clouds and, if no C_cloud is present, that fraction

covered by_a]] the CM clouds present.

' Clear

0:

1 = 1 Okta or less, but not zero
2-8 = 2-8 Oktas

9 =

Sky obscured or cloud amount cannot be estimated.

*from Surface Marine Observatians Tape Deck TDF-11

2-5
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- *fFog = A1l clouds in the N-50 meter base height cell
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TABLE 2-4A
CODE FOR LOW CLGUD TYPE (CL)*

No stratccumulus, stratus, cumulus or cumulonimbus.

Cimulus with 1ittle vertical extent and seemingly flattenéd, or ragged cumulus
other than of bad weather, or both. .

Cumulus of moderate or strong vertical extent, generally with protuberances
in the form of domes or towers, either accompanied or not by other cumulus
or by stratocumulus, all having the1r base at the same level.

Cumuionimbus the summits of which, at least part1a11y, lack sharp outlines
but are neither clearly fibrous (cxrr‘form) nur in the form of an anvil;
cumulus, stratocumulus or stratus may also be present.

= Stratocumulus formed by the spreading out of cumulus; cumlus may also be

present.
Stratocumulus not resulting from the spreading out.of cumulus. -

Stratus fractus of bad weather (generally existing during precipitation and
a short time before and after) or cumulus fractus of bad wenther or both
(pannus), usually below altostratus or nimbostratus. :

Cumulus and stratocumulus other than that formed from the sprpad1ng out of
cumulus; the base of the cumulus is at a different Ievel from that of the
stratocumulus.

Cumulonimbus, the upber part of which is clearly fvbrcus'(r1rr1form), often

in the form of an anvil; either accompanied or not by cumulonimbus without
anvil or vibrous upper part by cumulus ~stratocumulus, stratus or pannus

. from Surface Marine Observations Tape beck TOF-11

ety
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CL 1: Cumulus with little vertical
extent and seemingly flattened, or

- ragged Cumulus Fractus other than of

bad ueather.Aor both.

CL 2: Cumulus of moderate or strong
vertical extent or Towevring Cumulus,
generally with protuberances in the
form of domes or towers, possibly ac~
companied by other Cumulus cr by
Stratocumulue, all having their bases
at the same level. Cumulus of great
vertical extent sometimes praduce
virga and showery precipitation.

- SRR ARG .y ~.»-J

TABLE 2-4B CODE SPECIFICA

CL 3: Cumulonimbus the summits of
which, at least partially, lack sharp
outlines, but are neither clearly
fibrons (cirriform) nor in the form of
an anvil; Cumulus, Stratocumulus or
Stratus mav also be ‘present. These
clouds are often accompanied by thunder-

- storms and showery precipitation.

TIONS FOR CL CLOUDS.  (FROM NAVAIR 50-10 (FM H-18) )

2-7
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C1, 4: Stratocumulus formed by the
spreading out of Cumulus; Cumulus may
also be present.

Ci, 5: Stratocumulus not resulting
from the spreading out of Cumulus.
This cloud is sometimes accompanied
by precipitation of a liaht irtensity
and a continuous or intermittent
character. '

Cy, 6: Stratus in a more or less con~
tinuous sheet or layer, or in rzaged
+ shreds,. or both, but no Stratus Fractus
. of bad weather. Any precipitation’ from
. this cloud is in the form of drizzle
! . ' or snow grains.
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Cy, 7: Stratus Fractus of bad weather
or Cumulus Fractus of bad weather, cor
both (pannus), usually below Alto-
stratus or Nimbostratus. The term
"bad weather"” denotes the conditions
which generally exist ‘during precini-
tation and a short time before and
after.

Cr, 8: Cumulus and Stratncumulus other
than that formed from the spreadina

out of Cumulus; the dDage of the Cumulus
is at a different level from that of
the Stratocumulus. '

Cp, 9: Cumulonimbus, the uprer part of
which is clearly fibrous (cirriform),
often in the form of an anvil, or )
Cumulonimbus Mamma which has base with
hanging pouches or protuberances; )
either accompanied or not by Cumulo- .
nimbus without anvil or fibrous upper
part, by Cumulus, Stratocumulus,
Stratus or pannus. These clouds are
often accompanied by thunderstorms and
showery precipitation. .
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CHAPTER 3 |
METHCD FOR THE DETERMINATION OF ESTIMATES FOR PCFLOS (A;, H;) AWD SLANT RANGES

The procedure used for the calculation of estimates of PCFLOS ( ) in
terms of the elevation angle. and target height is based on the work o¥ Luﬂd and
Shanklin who proposed a unlveTsal method for the determination of cloud- free ‘Tines

of sight in their 1973 paper. .

In brief, Lund and Sharklin established statistically a relation between
P(C;), the probability of a cloud cover C., as determined by the usual visual

wea%ner observations practice? and PCFLOS"(A.) found by careful examination of
whole-sky photographs taken at weather observation time.

' Before proceeding any further we must emphas1ze again the difference between
PCFLO3 (A ) of Lund and Shanklin and PCFLOS (A HJ; that we wish to evaluate:

PCFLOS (A;) is the probability o7 a c]oud-free line of sight through all clouds
present a§a1nst a deep sky background while PCFLOS (A-, ) is the probab111ty
up to a height H. regardless of the background.

J
In our notat1on the Lund and Shanklin re]at10n is expressed by
_ 9
PCFLOS “(A; ) =:Z: UA;, €5) PICy) (3-1)
tJ=

where A and CJ are the values of the elevation angle A and cloud cover C, P(C.)

the probab1l1ty of C taking the value C. and the matrix elements U(A C ) the .
probability of a CFLOS at A; and C. J .

Actually Lund and Shanklin determined a gerieral matrix U for all clouds and
several others specialized for various sets of cloud types. The general one,
which is the one that we applv here, can be seen in Table 3-1 in this chapter.

It has nine cloud cover columns (rather than e1even) to match the available marine
low cloud data.

1

Lund, I.A., and Shanklin, M.D., 1973: "Universal Methods for Estimating Prob-
abilities of C]oud—Free Lines of-S1ght through the Atmosphere," J. Appl. Meteor.
12, 1222-1228.

2"Surface 0bservat1ons,“ Fed Meteor Handbook No. 1, First and Second ed§., Dept.
cf Commerce- '

"Surface 0bservat1ons," NAVAIR 50-1D-1 (FMH-1B) 1 Jan 1980, Dept. of the Navy

3-1
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. We proposed the following expression for the estimation of PCFLOS (Ai’ H.),

J [ 9 '
PCFLOS (A, BEREM 3w (A;» C,) x
k = =1

L(Ci W) /P (Hk)J P(Hk) 21 5 i’i 9,1<j<10 (3-2)

where L (C,, Hk) are the matrix elements of the local lower cloud matrix of
Chapter 2.

One can arrive at this expression by arguing that
9 - '
> U(.,C)L(Cl, O/ b (k)

2=

gives, for the base height cell at Hk’ the probability of a CFLOS at A and Hk

where the k th column of L/P is regarded as a distribution for cloud cover Here
we have made the assumption that Lund and Shanklin's use of the universal matrix

U is applicable to individual base height cells. The complement to 1 is then the
probability for a'LOS to be obstructed by clouds due to the structure of the lower
clouds present at this height; and the product of this quantity with P(H, ), defined
in Chapter 2 as the frequency (probab111ty) for the presence of lower c]guds at H
gives the probability of sighting a cloud at H, when the line of sight is clear

up to H The sum over all the intervening he*ght cells can now be taken as the
probabi*ity of having sighted a cloud before or at this .height. In turn its rom-
plement to 1 is an estimate of the probability for a line of sight to reach Hk'.

Equation (3-2) involves matrices bﬁt it does not lend itself to be written

. readily in matrix form. For those who prefer a matric expression, we include 1t

in Table 3-2 at the end of this chapter.

As an alternate expression for PCFLOS,(Ai, Hj) we can write

PCFLOS (A, H,) =1 - 2, [1 - PINT (A;, H )] o (3-3)
¥ K= STk - '
with |
. 9
NT (A, H) =1 - -zz;lu (8. €,)
oty el P wy R

3-2
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This form shows explicitly the contribution of each base‘height cell as if
it were isolated.

Inserting the values of the elevation angle A and the cloud base height H, _
for which we have the values of PCFLOS (A,, HJ) in the following formula, we obtain
the corresponding value of the slant rangé SRy

SR = -R'sin A + J Hy (2R + H)'cos A +

" ST N ,
‘/[-R sin A + ‘/HS (2R + H.)' cos A] 2 442 HSZ + 2R (H - H) (3-5) .

HS is the sensor's height and
R =6.36 106 m is the earth's radius.

where

Figure 3-1 illustrates the geometry involved in the problem and Figure 3-2 proyides
a monograph for quick determination of slant ranges of less than 20 km neglecting
the sensor's height.

33

R AR N SV R o
R .
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A
HORIZON LOS &Glr’.

(ReHc)Z = (Romgi2 + (sR)2 -2USR)R+Hg) COS (A+B)

B = arc sin [nI(RtﬂsH

FIGURE 3.1 SLANT RANGE GEOMETBY.
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TABLE 3-2
MATRIX FORM OF EXPRESSION (3-2) FOR PCFLOS

PCFLOS = Q -[Q T ‘M"]M T
where
U is §iven in Table 3-1,
the'transposed of L by Table 2-5A for the winter season at gtation M and
the'tables A of Appendix A for all locations,
Q. ) =T, 1 €i <9, 1 <j<10,

i<

U s sy : .
T (i, J) = {0 otherwise ' <110, 1<3<10

MG D) =P ) S5 y<ict0, 1< <10

wotice that
u , 2
(QMTY) (4, §) =¢ P (H
k

and that Q - QMTu in
~ PCFLOS = Q - QMTY + uLTY |
+ s ihdepehdent.of the elevation angle A,. 3
Similarly (3-3) and (3-4) become PCFLOS = Q-- [Q - PINT] T and °
CPINT = Q - [Q.- UL MM respectively. - -
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CHAPTER 4
PCFLOS (Ai’ Hj) AND SLANT RANGE RESULTS

The lower cloud base data for the fifteen marine locations of Figure 1-1
(Table 1-1) that was discussed in Chapter 2 has been processed with the computer
algorithms of formulae

(3-3) for PINT (Ai’ Hj),

(3f4) for PCFLOS (Ai’ Hj)‘
(3-1) for PCFLOS (A )

and collected in tables for w1nter sprlnq, and summer in
Appendix B, PINT (A, H ).

Appendix C, PCFLOS (A H ) and PCFLOS (Ai)

These tables are arranged in the order given in Table 1-1: ‘the PCLOS (Ai)’table
being the last one in Appendix C.

Four locations, namely, 1, 9, .J, and M, have been selected for more detailed
consideration, and graphs have been plotted w1th the values calculated for the
lower cloud base statistics, and PCFLOS (A., These graphs are found in
Append1x D. For each of the selected Iocalloni we include in consecutive order:

Lower cloud base height statistics for uwinter, spring, and summer

b. PCFLOS (A., H.) for winter

¢. PCFLOS (A HJ) for spring

d. PCFLOS (A[, W) for summer . ,

- Combined grapﬂs for PCFLOS (A H.). lower cloud base heights (target
helght) and slant range.

with the intention of s1mp11fying the reader's task and of 111ustrat1ng more
‘intuitively the results of our calculations, we reproduce in this chapter the .
tables and graphs corresponding to location M; and, in addition, we include. for
the same locatian, tables and graphs for slant range and one graph for lines of. :
constant PCLOS (A . (SR) ) as described below. . : !

“ In figure 4-1. we have plotted the values of the Iower cloud base frequenc1es
listed in.Tables 2-5A to 2-7A of Chapter 2. : N

Tables 4-1 to 4-3 give PINT (A,, H.,) for winter, spring, and -summer respec-
tively; and Tables 4-4 to 4-6 give ﬁCFLés (Ai' H,) for the same sequenre of
seasons. :

The latter values are plotted‘in Figures 4-2 to 4-4} "They show clearly the
. influence of the region of higher ¢loud base frequencigs on the probability of a

= ' ”'- . 41
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cloud-free line of'sight. Figure 4-5 for the spring season is anomogram relating
slant range, target height, and PCFLOS (A.. H.).1

J
In Tables 4-7 to 4-9 we list for each season the values of the slant range
(SR) (A ) for which we have data points (A, H.) and the corresponding prob-
ability PCFEOS H.) at the same pownt ; s]ﬂnt ranges were calculated with

expression (3-5) Xegléctlnn the sensor's helght We include also three figures, .
'4-6, 4-7, and '4-8, where we plot the values in these tables for five elevation
angles. The numbers in parenthesis are the values of PCFLOS (A ) ca]cu]ated with
(3-1) and 1isted in Table C-46.

F1nally, we give for the winter season only Figure 4-9 which shows very rough
estlmates, ‘n polar coordinates, of lines of constant probability PCFLOS (A1’ (SR)
br equivaiently PCFLOS (A,, H. )) This graph was obtained by rounding off
subjectively the curves p.cttéd for the winter results in Figure 4-7, 1nterpolat1ng
and replotting in polar coordinates for slant ranges of less than 18,000 feet.

We wish to remind the reader that the heights listed in the tables constitu-
ting Appendices A and.B and their reproductions in the text are the midrange values
given in Table 2-2: that the low-cloud statistics cover in detail up to 2500

‘meters and that the entry for 3000 meters is only a represeatative value for
heights over 2500 ineters. In appendices C and D we use the values for the top
of the height cells up to 25C0 meters and 3500 for the top cell.

]Suggested by Captain W. L. Boyer U. S. Navy. Former Deputy Commander, NSWC,
presently at ONR. . '
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PINT (A H) TABLE 4~1 SPRING - LOCATION M
CONTRIBUTION TO PCFLOS (A, H) DUE TO c;.ouos WiTH BASE HEIGHT AT H.

HMETERS 18 O£¢ 26 06 3¢ o 60 oté 90 OES . o0 Ots Te OEs 80 Ote % Ote

25,0000 .9es2 9855 %057 .eese 9860 9060 L9860 9860 9840
75.0000 «999) « 9953 « 9993 «999¢ 9994 999 499 17y «999¢
150.0000 +9863 9849 812 o076 9078 L9878 J9eTe 079 9879
250.0000 . .9e78 9700 M3 L9728 973 £ VSR 2 7Y 9737 9738
o000 L7992 8182 8309 0010 YL N TL T 8831 «853C
800.0000 6870 JJ201 <7480 o766 7708 JT817T  J7088 <7878 <7886
12500000 L8212 L9316 L9387 .0a3S  .9a66  L9TE 9488 o906 L9499
1750.0000 +9%e9 95T 9062 %5 L0967 a9%68 - 0% L9970 9078
22500008 L9%ee 19968 9972 T3 TSRS T 9976 9T 99T L9976
30000000 ~997¢ 902 <9983 <9987 ~9%88 9988 %8 - .99%08 9992

' ’ TABLE 4-2 SUMMER
coNTnlsunon TOFCFLOS (A, H) DUE TO'CLOUDS WiTH BASE HEIGHT AT H.

HMETERS 10 DE6 2. 0E6 30 Des 40 DE6 50 DE6 60 Ote 70 0E8 o8 Ote 9 0€6

25,0000 «9548 - « 9389 « 9559 9564 « 9569 « 9569 « 9569 «9569 « 9569
75,0000 9% %8 «9948 <9949 9950 WO¥Se L9950 L9950 9950
1500000 L9593 L9600 L9618 .927 0633 9636 L9636 9636 <9636
2950,0000 « 9292 +9333. «9359 «938) +9398 « 9399 ° « 9403 9403 « 9606
0500000 LeaT4  LTISE L7328 .Tees L7508 .TSES L6110 - 7629 .T638
8000000 «7910 NI 8295 s3308 <0073 Le508 -as27 <8543 «8547
1230.0000 SOTO6  L9TA6  LOTTI AT L0801 L9088 JMI1 .98l L9815
17500000 L0952 9960 . .9%5 %0 L0970 . LTI L0872 etz .ewn2
22500000 _oees 9901 Leve2 <9993 NIIN W% 999 . 0998 s9998
30000000 . 0%l L9978 L9eTe  LNTE L9980 9% 9982 9982 9988

' TABLE 4-3 wmrsn . ‘
CONTRIBUTION TOPCFLOS (A, H) DUE TO CLOUDS WITH BASE HEIGHT AT .

HMETERS 10 DES 20060 30 OCO 40 DES -~ 30 DES 6 OEe . io.o:g o8 0Ls 90 OLS

23,0000 LE9T6 L9976 LINIT  LINTT  LeNTT . LBTT LHOTT  L9TT - 978
15,0000 T L0997 . .ever <9997 o907 o9y T o997 L9097
15000008 . L8951 L9953 .99se  .9ess  Lewss  .ees . .09% 9956 .99
7300000 L0780 795 .eees L9813 .emis  .ee2e .eezr  .ee23  .ee2d
50,0000 Lo 0960 "o 7287 oTeéo « 7599 _e7078 N7 ‘ « 7700 « 7763 . - 1778
00,0000 L4777 125 .738) TS0 2. are e 7726 77N
1Z30.0000 L9548 %07 .eeT L9676 .. .9Tes  .e78s  LeTes  LeTIL
1750,0000 ,999) 9993 L99%e «9998 +9995 eeS Leves N L] 9998
2250.9000 v . 9990 9991 9992 L9992 29893 «9993 «9993 9993
30000000 L9985 9T NS 9900 L99%0 L3N LR Bl - Leee2
N :
SN 4.4 -
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PCFLOS (A H) TABLE 4—-4 SPRING LOCATION M
PROBABILITY OF CLOUD-FREE LINES-OF -SIGHT FROM THE SURFACE TO GIVEN HEIGHT, H.

HEIGHT H 10 D€EG 20°'D€6 30 DEV 40 LEG 50 DEG .60 OEG 1o DEG 80 Ve 90 UEL

(METERS)
90,0000 <9892 « 9855 +9857 9858 -9860 « 9860 «9860 » 9800 . 9860
100,0000 «9845 V0e8 «¥850 9852 9853 «9853 +9855 9854  iwese
, 200.v000 .9707 9717 9722 9727 «9731 .9732 «9732 9732 w732
300,v000 «9385 9417 «9435 «9052 «9082 «9%66 <900 «96170 o970
"600,U000 o737 '« 7599 «7745 7862 +1933 « 763 27985 «80U1 «8U05
1000.vU00 ss241 839 5226 5522 .5698 5780 +5835 .5876 589U
1500,0000 »3453 s0156 , e4611 YT Ty +5259 +5324 e53172 «5389
2000.v000 .340¢ o112 8573 4923 «5129 .522n 5293 o53e2’ 5399
2500, 0000 «3365 «4081 8545 (897 .5l0s 45203  enee9 o5318 .5336

3500,V000 0330t 8062 «8526 . « BB +5092 5192 557 «D3Ve D320

. TABLE 4-5 SUMMER
PROBABILITY OF CLOUD-FREE LINES-OF-SIGHT FROM THE SURFACE TO GIVEN HEIGHT H.

l HEIGHT H | 10 VEC 20 DOE6 30 VEG 40 UEG 50 bLt6 60 LEG 10 LEG 84 VO 90 utL

{METERS)
50.v000 9545 11 29559 29000 »9569 « 9569 9569 « 9509 « 909
100.0000 2y ) 9501 9507 «9513 9518 9519 951y «9519 «9¥31Y
« 200,0000 9001 «9110 «112% 9140 «9151 +9153 «9155 9195 9155
300.0000 48373 RYYS) o8686  .db21 <8566 eHDH2 T 85060 8208
600,v000 5240 «559) 5809 +5986 5094 e6137 .6l0Y <6189 L5190
lxooo.uuoo e 3157 3737 «hl04 «® 3% 4567 Y Y-T¥] YL « 4730 RYLY]
1500,vu00 « 2863 « 3683 «38717 s4lbo Iy YL Y] 0507 .~5~f sodb0
2u00,0000 2815 e 443 e 4862 o815 '~§30 Jaa2] canld I 4230
2500.9000 l.zuo: 03833 «383e ola? 8332 TILY kbl 0510 LY

3500,0000 2764 3003 .« 3806 426 4313 8397 w4855 ° ,eav) o910

TABLE 4—-6 WINTER ' : ,
PROBABILITY OF CLOUD-FREE LINES-OF-SIGHT FROM THE SURFACE TO GIVEN HEIGHT, H.

HEIGHTH 10 DEG 20 DE6 30 DEG 40 UG ' ' 50 OEG . 60 DEG 70 VEG 8O DLG w0 UEG

(METERS) , .

$0.0000 ~9970 9976 99T L9077 o917 9977 I VoIT 9vie

. 100,0000 . .9972 «997) «9974 9974 9975 9975 99Ty 9975 99D
200.9000 9923 +9926 «9927 «992 - «9930 «9930 « 9930 «9930 2YV30

3¢0.9000 <9703 o721 9732 9782 o748 9750 9752 9783 .visd

‘ $00.0000 «6660 6978 ceT176 #7332 07427 76T - JTeve 516 L7523
1000.9000 ';Jn.} o4104 4526 YLD +5049 L5137 «5197 «5260 Y

. 1500,0060 °299) L3N " eelre oa529 et700 0837 8902 4949 cavel,
2000.4000 .2962°  J3T0h  .ele? L easze  Lem3s +0822 cou97 coves cav63

‘ 2500,0000 . 298v «369) 4158 8816 0227 025 YT WYY ca¥5e

3500.0000 - L2954  .Je8) _atled 24508 o718 .esls TR c0928 cavel?
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X 10 DEGREES
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PROBABILITY OF A CLOUD-FREE LINE-OF-SIGHT.
- e

0 .
0 350 700 1050 1400 1750 ° 2100 2450 2800  3150| 3500
‘ 'CLOUD' BASE HEIGHT (METERS)
FIGURE 4-5. PROBABILITY OF GLOUD-FREE LINE-OF-SIGHT TO VARIOUS ALTITUDES, cimsmeo
' (SEE .

WITH A SLANT RANGE C'JRVED EARTH GEOMETRY, LOCATION M, SPRING

TABLE 4-4’

4-9

H ; o okain o mes o




NSWC TR 78-143

" 13340711 NI 3IDNVY INVIS=HS = -

TobitAT 5%E Y dvmtal 6t tuat v

269 %92°3 heHe TEECE 65%° - tgl%e AR S A S 2 £4%°  B1L*°T 264° LI T 3Tt
964%° %93°3 Y% 599°9 (E%° 586°9 £9%° B26°L LA E LA 26%  £IT°TT  lITee 2Tl LJgt QuTe=l Se 2t TRROUE

6% £26°% 56%° 666°* TE~* 6£2°S nghe  wpacg hin® Q2+°q LEN® 213Gy LI 2mEts 0 TuEt LT Redt amete? ’ .
928 2e2°¢ h25° 2ff°f £25* 26%°¢ ~16° mourm §05° ~32°% Gehe  531°¢ - g£emt 295°%% AR S R ety 2se°9¢l

254° £96°1 264° 6661 TElc  GBDZ  1Ml* %l2°2 g£82°  Tlet2 ££2°° £37°¢ EA AN FL-Rg1 —eGY cged Lu1 T g2e01t

S46° %96° §46° 000°T mno. Fnp°y €l6® LET°T T Gi6° S32°t WlE® 28C*T €46 53T 2L€° 2rN02 AP E- R L] : .
£66° 959° £f66°* 199° fE6° 669° £66° 985L° £66° Nuo. £66°* 12(°1 ike* w«mwu et bis*y 2fn®  sdate mw .
966 @2f° 866° f£f£¢£° P6E°  b%E° 866° 6Bi£° - 866° 020 l6e® . 11 .nmaq 3:6° ° (ef°*  cpe "to® TeeT o~
66°  "9t° g66° 291 066 sa1° 966° 69T° 966° ,"M. 966 552° %b* §2£*  IEEC Tees SEbe Ewe e g .
$SO7149d  uS $01424 uS SO140d HS $SO142d HS $01304 HS ©J140d  HS $SO149d HS $01404 u$ SO1424 S -

26 o 09 04 0e os . 0% T N4 o 1

$33%93C NI 319NY NOIIVASTS - - v S

~ 'STTONV NOILY'AFT3 ANIN o
HO4 (4S) IONVH LNVIS SNSHIA (SO149d) LHO15—40—3INIT 33H4—ANNTI 40 ALITIEVEOHd . -
W NOILVIC . YILNIM -9 378VL : :




2D A ER

MSWC TR 78-143

1334071 N1 3ONVY INVIS = S

s N82%9
966% 4959
LS £26°n
68$° 232°C
109° 696°T
1% %e6°
£26° 949°
$96°  92c*
996° w91
$07424 M
13
W NOILYI01

265°  TEgef
ags*  G99°0
155° 666>
99se  2££°¢
309° 666°1
1%°  000°1
£16° 199°
§96°  f£fg°
986+ 2a1°
$0140d S
00

1230 1540
625° $96°9
285 b£2°%
“g5*  264°¢
662°  §60°2
1% 9aa°t
£16° 669°
§96° bage
966°  G13°
$01424 uS
02

025° G456 01§ 634°T 0Ese 03L°2T Sget 6L 31 Iet (€662
£26° 64872 £1ST 136°9 268 £92°(T I35t TZICIT T1ee golegl
926°7 %80°S QTG T924°0  9Est [5G  19ee 2aetE. aler Igicel
P2ST BOLCE  DIST w32 28€0 §IICE  226% 23503 awer eyt
U6L®  MI2°2  CEL* 2062 9R4C £IICS  SIL* wEbe 940 $6stE
196° LETCT 9N6° €221 §NEt 268°T N6 536°T  Ieee wyecl
§06° 9SLs £260 Liee  fer 1200V 206t SUET 2uet elee:
G067 64f* . S96* 6280 98" TEST  Seec 269°  ifes o
996° 68T*  996c ~12  90c $§2°  9ne" S Ieer oees
$01434 US  SOM4D4 ¥S SOOI MS SOV HS SOV uS
08 ts e : o’ i2

$33¥930 NI 319NV NOTIVA3D: : } - -

'SITONY NOILVAITI ININ

HO4 (HS) IDONYH ANYIS SNSHIA (SOT40d) LHOIS-40—3INI uuzthDO‘_,u .mO ALl1NBVYB0Yd

ONIHdS &-¥ 318Vl

I155° s5e°3e
Amge (Ie°4f
Qege ym2092
“ies Zsweat
FITLEE T IRa L B
sib®  s36°¢
14es 6aavs l....
Sees Iepcl )
G06°  coe*
$0143¢ . u$

3




NSWC TR 78-143

1334070 NI 3ONVY INVYIS = S

£69°  Wp2°¢
£649° %95°9
99%° £26°%
alns 292°t
029°* &96°%
369°* %96°
93¥6°  949°
266° ¢2¢°
486 *91°
S0142d4 S
06

160 1£C°0 AL AN ¥ Ad ] PAA R W S £5%° 63208 GY%* 23, °2%  ERE° 665°IT itEC fFeetil
28%* $99°% 84% 5969 P4 LA -V L2 | AL IR AP RL A J SI**  £32°0T =€ T2ILT  ~4f°* w€3%c3
S LA 1.1 R T€a*  6£2°S Ga%°  Neacs A AN B4 R 6t1e®  lg9°¢ s¥i®  INe°h Ll 31
Mns:r 285 °¢ 0i%° 264°t h9%s  b¥2°F 499 %32 (-3 S R A T wou.o e te:ct
619° 666°1 419 G66I°2 *19° %y2°2 609 Ct§*2 66¢* £9C°f -153% 96t wmmu fel®s
949 o060°1t amor 993t 111 AN S R R §68° 632°1 ~wo. PAL 8%8°* 69 °1 bel R 7 3 R 4
916° 199" a1 669°. stes 964° €16° L3@° Ht1ee 12°°3 £16° £t t1ee €ls°2
256  £6¢° 296° 6%%° 266 bif* 266° 925 19€° numw 166° A6y Tee et ”
456  491° i4¢6°*  qdt° 496 .oo«. 486°  ~12° 256° S§62° 966° 925 - Ve e=t
$O1404 HS $01434 YS $07404 .zu $UI4d¢ US $01404 NS 307404 S $0140¢ 8
ge M 09 0s [ i”® - 2

W NOILLYIO0T

$333930 NI 3ONY zo~—<>uau CoL

‘SIVGNY NOILVAITI ININ
YO+ (HS) IDONVYH AINVIS SNSHIA (SOT4D0d) LHOIS-I0—INIT IIH4-ANOTD uO >._._.:n<8¢s
HIWANS Olv 378vl

AT AN T A 1)
J10%°48

a2

¥wHT e’
SO WS

b}

4-12




. —

o v —

NSWC TR 78-143

(9%~2 318VL) ‘SISTHINIUVY NI (V) SOT4Dd 40 sInIvA
{£-% 318V4) IDONVY INVIS LIDUVYL 'SA LHOIS-30-INIT 3344-0N0OTI 30 ALTIBVEOUd 9-¥ IUNO

113%) ¥S IDNVY INVIS 139YVL
ot w . 2] . V2 8t st t (R N )

J e s .

[ Y " i JUEDE U § 4 e e e 4 - i
. \

| . ; . ,.

i . - .

I ' , - !
b h e e e e ey . . L. . N VU 0 S v
i : - U
! I . -

] - 1

e _ : |
, 1952°0) ! e S - T
M ; tste0) b .
!
_

B - - .. e ema pov ] _ : M
- 4 » ~% - ' . -
i s e 4 iron § i ot st e 4 gt o - e B

R S

e

~ fsft e e i

——

1
i
t
-
H
- -—i»&»l-

, . - ®6c0) ,:,}iJnHlilM;w
: b 4 S m Qo Lum‘llm/ﬁ

¢
'
!
i
i
i
v
1
+-
-
- ———

V ! “ :
R SV 75{ g i s WNN‘OUQ Oh C - - - - .. .\M - e - W [P,
$334D3008 2 i [ '
S$IIUDIAOE A " b
$334D3Q 02 . : )
$334030 01 X {
PSRN SS IR W IIPIPIORIPETUII SO SN - RO + i v o

HILNIM W NOLLYIOY

-
L)

(lus) 'vrs0142¢

-0t

—t
-
°

-2

80

4.13




M ! i )
i
i
i -
1 |
T (9Y-0 319VL) SISTHININVY NI (V) SOV404 30 SINTYA
{8-¥ 318V} IONVY INVIS 13IDHVL SA LHDIS-40-INIT 33 4-0N0T1D JO ALITIEVEOEd L'F 3HNON ) )
1 . {14%) US IDNVH INVIS 130HVL ) L
ot . k4 "7 - \2 ] B 1) z [ ] £ 0
‘ . - - 00
w w
-] c - - H
m . ) .
| ; - - B T ro -
i ! i : )
m ! ‘
i ) w . ' - i !
SR : |
{19Z°0) ; ~ “ : - "
. . —— . — - - - - . - . - —_— 4 e o e *0
- 9 : A tozeoi ¥ R - k 9 )
Ey S : Jse0) S 2 :
o~ ' T TR e vy i 4 =
N 4 . - . . 'Nl B b,l/ll:. o g ’ w ‘-
- ! (or0r = . AT T TNy . ' -
Q- . 9Ly o)™ s ” iy
X ; - . ]
H - . /. ¢ >
W TR T T T T T o i At .t g0 ~T
! o
! )
_ ; =
_ M _ -
I T U S A D,
s33¥0300. O - :
$33u93008 2 :
$334DIA0E A _ ! i
$3I3493A0Z . B w |
s3juo3a ot X ! | ._
ONIH4S W NO1LYDOT T .
, .




coy

NSWC TR 78-143

(990 378VL) "SISTHINIYVA NI (V) SOT404 40 $3NTVA
(8-¥ 378V1) JIONVY LNVIS LIDHVL "SA L1HDIS-I0-INIT 33HI-ANOTD 40 ALINEVEOYY

(L43) HS IDNVY INVIS 130UV

-9 IUNOI4

HINWNS W NOILYIOT

oc @ - "o w 8t K Z 6 .9 R 0
».,y —t . A ~4 R 1 - e s N . . 00
h i i
e 1(%.;‘. ,I.*L et meee ‘ o . v B e & 4 ]
I e R SO, h R ) . i .
(EELD) r R s : ;
: @egoy 0 T v e e e :
: - ! 0490); e T R :
- - . - ¢|M - e o -~ NS _ - M —— v l.l‘,nl«./l’nl..rhﬂ., Iz —— e - B 'O
: . : b =, !
o _ ) ST NEE TR e
p ! - ~ (o501 : Pw;il&,-?_
i l ) 889°0) . H
; ! “ v s ; .
: « ,,_ ; _ ™~ ’ .,/
S s SEEE I : T Ee e e o i T
i ! i . . P ’ \ Aﬂ‘v 1
¢ ! - ! ‘ ! U
M | ] _ .
i i ; -
o b . ! i
e B e TEE S P <t * . ‘ . e e
i saypaaoe 0O i . ] [ - ‘
! $33193G05 2 _ W ’
| $334DIA0E A . _ "
i $33493q0Z . i i
! $33453001 X . ! \
- o - e e — "t - —

 {dusr'v) 207454

415




-y

NSWC TR 78-143

-

8i

St

"1334071% NI JONVY LNVIS ‘HS °

- . "S3IIHODIQ N. ITONV NOILVAIID ‘Y .
"SILVNIGHOOD HVI0d NI ((4S)'V) SO140d ANVLSNOD 40 SINIT

€' 3UNOI4

K 4

HILNIM W NOILVIOT

4-16




e A 7 AR O G L L g ot A e ke, ST b v N ey U T M AR TG A T ML A

J

NSWC TR 78-143

CHAPTER. 5
SUMMARY AND COMMENTS

In order to suppiy a comprehensive view of the information contained in
Appendices A, B, and C, we have produced a new set of seven tables that summarize
our results and highlight the mors essential points. The description of these
tables and the relevant comments are as fol]ows~ -

All the locations are arranged 1n order aof increasing latltude and listed
in each of the tables.

A. CLOUD STATISTICS
(i) Lower cloud base sta. istics - Tables 5-1, 5-2, and 5-3 give the

frequencies (%) for winter, spring, and summer re,pect1ve1y, for lower cloud bases,
between:

0 and 299m (base height cel]s 0, 1, 2, and 3)
300 and 999m (base height cells 4 and 5)

1000 and 2500m (base height cells 7, 8, and Q)
above 2500m (base height cel] 10)

Height cell 10, includes observations of no clouds besides observations .of
clouds above 2500m. The five columns on the right hand side summarize the results
even further by considering only two layers: one below 500m and one above. The
frequency for no clouds, which is 11sted separately in these tables, was obtained

by taking, .in obvious motatinn,

Freq. (no clouds) = Freq. (> 2500m or no clouds; cloud cover C = 0)

where the right hand side is the element (H,, C )y i 10 j=0
of the transposed of the lower base matrix E ofd Append1x A- (H 10 > 2500m)

Since
| ‘Freq.. (<2500) + Freq. (>2500 or no clouds) = 100% "

5-1
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and

Freq. (»2500 or no c]ouds) Freq. (>2500) + Freq. (no elouds)
it fcllows that

Freq. (< 2500) = Freq. (all height) = 100% - Freq. (>2500 or no clouds C=0)

The values taken by this quantity can be found in the calumn headed “All
Heights, Freq."

It is clear that most of the cloud bases are found in the 300-999m Iayer
In fact, if we disregard the small number of cloud observations above 2500m, we
see that the frequencies for the three layers (0-299, 300-999 and 1000-1500m) are
out of proportion to their thickness. In the examole of location M, at

0-299m, which compr1ses 12% of the 2500m layér, the observed freq. is 3.8%
Cdile., 1.3 107 2/m. '

300 999m, which comprises 28% of the 2500m layer, the observed freq. is 87. 1%
i.e., 1.310° /m,

1000-2500m, which compr1ses 60% of the 2500m layer, the observed freq. is 7.9%,
i.e., 5.0 107 /m

Figures D-1, D-6, D-11, and D-16 of Appendix ﬁ provide a graphic illustration
of the typical distribution of cloud bases. With respect to’'the peaks at 3000m,
the read2r is referred to the comment in the last paragraph of Chapter 2.’

The fact that most lower cloud bases lie in the 300 999m layer suggests the
- possibility that air-to-air lines of sight m1ght be adequate for airborne surve11-
lance w1th1n this layer. _

Values for the lower cloud cover below. and above 2500m were calculated from
the dat: in Appendix A as the sum over all cloud covers of the products of ‘the.
.relative frequency for a cloud cover times the decimal expression of the cloud -
cover. For 2500 meters and less, all the values lie in the ranges (.4 to .8),
(.3to .7), and (.2 to .7) for winter, spring, and summer respectively.

(i1) Low cloud statistics. Tables 5-4, 5-5, “and 5-6 summarize the data
for Tow cloud type (C ) statistics given in Appendlx :

The code for CL type clouds is included in Chapter 2.
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: For each location we assign two lines. The one above gives the frequencies
for the 300-999 meter layer (base he.ght cells 4 and 5) and the lower one the
frequencies for all heights {(cells 0-10).

. The most' frequently reported types for the three seasons studied, for all

heights ard for the 300-939 meter layer, are 5.8 and 2. They correspond to strato-
cumulus rot resulting from the spread of cumulus, cumulus of moderate or strong
vertical extent or' towering cumulus and the combination of both.

B:  PCFLOS (Aj, Hj) AND SLANT RANGE (SR)

In Table 5-7 we have arranged systematically the part of the results listed in
. Appendix C that we consider summarizes more efficiently the main features of our
results for the PCFLOS (Aj, H;) and the slant range. For each marine location, in
order of increasing latitude, we give PCFLOS (Aj, H;) in winter, spring, and summer
for all the combinations of two elevation angles and three heights. .

The typical PCFLOS (Aj, Hj) curves illustrated in Figures D-2, D-3, D-4, etc.
in Appendix D show that this quantity decreases rather rapidly from its value of
unity at very close range to a point where it almost levels off and that, as
expected, the curves for 10 and 90 degrees enclosed those calculated for other
angles. For this reason we have chosen the points at 10 and 90 degrees for the
elevation angle and 25, 450 (rather arbitrarily) and 2250 meters for the height to
characterize the set of PCFLOS (Aj, Hi) curves for each location and season.

. The values of PCFLOS (Aj) of TAbl: C-46 are listed also under the heading
"All H." As expected, they are smaller than those of PCFLOS (Aj, Hj). While
PCFLOS (Ai) is associated with the probability of detecting a target against a deep
sk{ background, the difference between PCFLOS (A, Hi) and PCFLOS (A;) (determined
with Tower and total cloud cover respectively) involves a warmer cloud background
and consequently a weaker contrasc. From the values on Table 5-7 we sea that the
later circumstance obtains, at low altitudes, a substantial part of the time.

Since the elevation ang]é A and the height H determine the slant raﬁge, the
corresponding values cf (SR) in kilofeet have been included in the headings of the

various columns. -

- With respect to “he accuracy of the results, it must be understood that we
offer only rough estimates. The uncertainty in the data due to the measuring
procedures used in the estimation of the cloud cover in eights, the size of the:

‘cloud base height cells, and our use of 'the diurmal universal matrix of Lund and
Shanklin are among other factors detrimental to the accuracy. : ‘

ﬂefe we wish tc point out that the values of PCFLOS (Ai.H.) implﬁéitjy
contain the definition of LOS of Lund and Shanklin and that'th&ir definition is

. dependent on their technique (instrumentation, photographic processing, etc.).

- of clouds. We refer the reader to their 1972 paper for a complete description.

In essence, it consists in the examination of high contrast photographs through

holes in a template, corresponding to fixed elevation angles, for the presence 1 7

7gund. I.A: and Shanklin, M.D. 1972: Photogrammetically Determined Cloud-Free
: ‘Llnes-of Sight Through the Atmosphere. J. Appl. Meteor. 11, 773-782,

5-3 .
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Furthermore, while it is very fortunate that the weather data was collected and
made available to us, it must be realized that it was not taken with the intended
purpose of this study..

Ear1y operational versions of the optical system that this report tends to
- foster would supply a more accurate method to obtain and accumulate data for the
determination of the probability of a cloud-free line of sight.

With due regard for the previous comments we consider that, at this stage,
our results provide an adequate CFLOS basis for the preliminary planning of
atmospheric optical systems. '
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TABLE 5-1

WINTER
. : [ ]
< 2500 Meters : '
= ‘ : ‘
Gower ol = | 8 I >2500 <2500 A1l Heights  No l
Base £ 2 Yo ! Mor Meters ,Clouds :
< . 927 i No ' '
Y7 8% 8% 'Clouds i
o ) o o« ~w . ' !
' Loc. Lat. long. Freq. Freq. Freq. Freq. Freq. (over Freq. Cover; Freq.
910 17N 107 22.6 66.5 4.6 6.4 93.6 0.72 9.4 0.72! 5.6
T 2N 138E 0.2 68.2 24.5 7.2 92.8 0.42 92.7 o0.02 7.3] |
! : )
N 30N 1408 - 2.5 91.2 3.7 2.7 97.3 0.65 98.1 0.65 1.9
V.  3IN  164E 5.3 89.7 2.6 2.3 97.7 0.59 98.8 0.60 1.2
12 (33N € 1157 524 7.6 24.1 75.8 0.35 79.6 0.33 20.4
o laeh oe Lo
D| 44N 4w 6.6 8.6 2.2 2.6 97.4 0.67 98.5 0.67, 1.5
K| 45§° 16W '{10.6 69.8 14.7 4.9 95.1 0.67 97.1 0.68: 2.9| -
H| 48N  36W 4.0 82.7 4.2 9.1 90.0 0.61 '92.3 0.62 6.7
P| 50N 145W 23.8 72.3 .1.2° 2.8 97.3. 0.74 98.6 0.75 © 1.4 -
C| SN 38W. /152 777 3.3 3.7 9.2 0.68 9.7 0.70 1.3}
1 | R : . : ! o -: :
13| SN 19w [10.6 75.2 131 1.7 98.3 0.68 98.6 0.68, 1.4 -
B| 56N 51 117.3 80.1 1.5 1.2 98.8 0.81 99.2 0.81} 0.8 ,
[| 60N 19 168 70.8° 11.0 | 1.3 98.6 0.68 99.4 0.68] 0.6] . -
A | 6N 3 153 72,3 1.0 D 1.6 98.4 0.73- 98.9 0.74] 1.1
M| 66N 28 | 3.8 7.1 7.9 1.2 '98.8 0.72 99.0 0.72] 1.0 v
5-5 R
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TABLE 5-2

SUMMARY CF STATISTICS FOR LOWER CLOUD BASES BELOW 2500 METERS

-4
3
g
| Lower
Cloud
Base .
|
i.___..
i toc. Lat. Long.
9/10 17N 107
T 29m  135E
PN 30N - 140W
v 3IN  164E
172 (33N 34E
i 36N OE -
D 4N 4
K 45N 16w
H 48N 36W
P 50N  145W
C . saN  35u
J 33N 190
| B SN s
! 19W

-

33W
2E

£ 2500 Meters

SPRING

! 3 Mor
| o &K !S% No
&S LR 1N e Clouds
Pova i K=
A )Olﬂ 'Or\

138 83 183
; Freq.! Freq. -iFreq., Freq.,
. 16.8 S51.1 8.1 24.1
[}
; 2.1 .70.8 16.8 10.3
% 1.3 901 5.2 2.9
1.8 78.1 5.2, 5.0
1 13.7 371 8.1 " 37.6
L
8.4 80.0 ‘4.4 7.3
12,4 720 104 5.2
3.2 79.7 7.0 " 10.2
22.6 70.7 2.3 4.5
21,2 654 5.9 7.5
14.5 68.8 14.2 . 2.6
2.5 7217 2.4 4.0
12.7 76.2 9.6 1.5
20.8 66.3 8.9 4.0
£ 7.0 73.8 15.2 3.9
5-6

" 96.1

. >2500; .

$M5¥§$L
Freq.
75.9  0.46
'89.7 0.36
97.2.. 0.64
95.0 0.63
58.9 0.28
9%2.7 0.61
'94.8.  0.62
89.8 0.57
95.7. 0.72
92.5  0.69
97.4 C.63
96.0 o.?s
198.5  0.69
96.0 0}72,'

. 0.68

Al

'82.6
89.9

+ 97.9

97.2
62.4

9.8

96.0

. 91.7

96.3

97.0
98.1
'98.0
1 99.2 "

97.5
96.2

———— e

Heights

Cover Freq. Caover

0.49
0.36

0.64 .

0.65

0.30

o

.64
.62
.58
.72
vl
.63
.79
.69
.73

o (= - | Q o O [/ o o

.68

No
Clouds

Freq.

17.4
10.1

2.8

37.6

2.5

3.8

2.1

~

a—
[o) w0 -0

RO S
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TABLE 5-3

SUMMARY OF STATISTICS FOR LOWER CLOUD BASES BELOW 2500 METERS

SUMMER

< 2500 Meters

T , ‘ : :
kower £ "§ 2500 2500 A1 Heights No
=78 4 M or Meters Clouds
Base Y ST No
YT 8% 87 cClouds
. . oo | A — 0 _
" Loc. iﬁLat. Long. Freg. Freq. ?req; Freq. Freq. Cover. Freq. Cover Freq.
910 1N 107E 3.7 6.5 g 267 736 0.31 8.3 0.36 12.7
T 29N . 135E 13.8 45.8 3. 6.8 ':93.2' 0.31 '93.3 0.32 6.7
N 30N 1400 0.7 96.3 2.2 0.8 99.2 0.63 99.5 .0.63 0.5
v 3IN 164E 6.4 83.8- 3.2 6.5 93.5 0.49 96.0 0.50 4.0
1/2 (33N 34E MN.7 28.2 4.7 55.4 44,6 0.16 47.5 0.19 52.5
(36N OF | ,
"D . 44N 414 .15'3 72.3 2.9 9.6 90.4 0.59 95.1 0.62 4.9
K 45N 16W | 10.7 73.1 1.7 4.6 955 0.63 97.4 0.64 2.6
H ' 48N 36W 1.0 76.3 4.4 18.3 81.7 0.3 85.2° 0.35 14.8
P 50N 145W 35.8 60.0 ' 2.6 1.6 98.4 0.84 .  0.99 0.85 1.0
C 52N 35W  34.0° 57.4 2.3 6.4 93.7 0.77 97.8 0.8¢ 2.2
J 53N . 19w 221 65.7 10.2 . 2.1 97.9 0.73 98.2 0.74 1.2
‘B 56N 51 33.1 50.2 - 4.0 . 12.0 88.0 0.71 94.8 0.75 5.2,
I 60N 19w 22:9 74.0 4.3 0.9 99.2 0.72 99.6 0.72 0.4
A 62N 330 23.0 66.2 8.1 2.6 97.4 0.77 ¢3.5 0.77 1.5
V,M " 66N 2E 18.4 © N.7 6.4, . 3.4 96.6 0.74 97.2 0.74- 2.8
. \\\
5«7 N
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TABLE 5-4
SUMMARY OF LOW CLOUD (CL) STATISTICS
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| TABLE 5-6
SUMMARY OF LOW CLOUD (C,) STATISTICS
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TABLE 5-7
SUMMARY FOR PCFLOS (Ai’ H

LCCAL SEASONAL VARIATION

L ' 10 Degrees 90 Degrees
H (meters) H (meters)
~ 725 450 2250 | AN 25 [450 [2250 [AIT .
Lat ' Slant Range (KF) Heights* Slant Range (KF) |Heights
Loc. | long. |Season .9 |11.3 [47.0 0.36 | 2.0 | 8.2 |
§/10 1IN ' Wl 0.99 0.46  0.30 0.24 099 0.54 0.43 0.37
107€ SF 0.99 0.67 0.54 0.36 0.99 0.74 0.66 0.52
SU__1.00 0.85 0.69  0.28 1.00 0.92 0.82_ 0.45
- 29N Wi 1.00 C.26  0.57 0.36 1.00 0.98 0.76 0.52
135E SP 0.99 0.8¢  0.63 0.30 0.99 0.93 0.79 0.45
SU  0.96 0.81 0.67 0.37 0.3 0.89 '0.83 0.54
N 30N Wl 1.00 0.84  0.36 0.26 1.5 0.88 0.54 0.42
140W SP  1.00 0.88  0.37 0.26 1.00 0.91 0.54 0.42
SU  1.00 6.91 - 0.37 0.33 1.00 0.93 0.55 0.5
v 3IN Wi 1.00 0.73 0.4 0.283 1.00 0.81 0.60 0.44
" 164E SP 0.98 0.69  0.37 0.21 0.93 0.76 0.54 0.35
SU  0.99 0.77  0.50 0.21 0.9 0.83 - 0.67 0.44
(33n W1 1.00 0.75  0.63 0.51 100 0.84 .77 0.68
12 134 SP1.00 0.80 0.72 0.60 1.00 0.87 0.83 0.74
) 308 Sg ., 1.2Cc 0.87 0.381 0.74 1.0C 0.93 0.90 0.35
- 0c .
D 44n Wl 1.00 0.63  0.34 0.22  1.00 n.737 053 0.37
aw SP 0.99 0.66  0.39 0.21 0.99 0.75 0.5 0.35
SU  0.95 0.6 0.4 0.26  0.95 0.68 0.56 0.4]
K 45N Wl 1.00 0.69  0.34 0.26 1.00 0.76 0.51 0.42
16w . SP 0.93 0.67  0.39 0.29 0.98 0.784 0.55 0.46
SU 1.00 0.69  0.37 0.29  1.00_ 0.75 0.54 0.45 .
H 48N Wl 1.60 0.72 0.40  0.24 1.00 0.78 0.57 0.38
36W S 1.00 0.77  0.43 0.27 1.00 0.83 0.59 0.41
st 1.00 G.°%  2.65 0.40 1.00 0.91 0.30 0.58
B 50N W €.95 0.29 0.28 0.2 0.95 0.51 0.43 0.35
145y SE T 0.98 '0.84  0.29 6.21 .94 0.55 0.44 0.34
Sy 0.92 0.3 0.18 001 992 040 0.29 0.21
C 52N Wl 0.96 0.55 0.33 0.2 0.96 0.65 0.49 0.35
13" SP0.91 0.5/ 0.33 0.17 0.92° 0.65 0.47 0.30
| SU 083 0.41  0.24 0.13 0.84 0.49 0.36 0.23

i

(contwnued next page)

'All Hevqhts" relate,, to calculations done with the total ‘.loud cover
(unmodified Lund and Shanklin's method)
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SUMMARY FOR PCFLOS (Ai’ H.)
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TABLE 5-7 (continued)

LOCAL SEASONAL VARIATION

10 Degrees

' 90 Degrees
| H (meters) H (meters)
i | ' 25 [ 450 7250 | ATl 251450 12250 Al
| Lat Slant Range (KF) Heights™* STant Range (KF; |Heights
Loc. | Llong. | Season D.9 [11.3 [47.0 0.16 |2.0 | 8.2
. Jd 53N Wi 1.00 0.64 0.33 0.25 1.00 0.73 0.51 0.42
19W SP 0.99 0.66 0.38 0.27 . 0.99 0.74 0.56 0.44
i SU - 0.98 0.53 0.28 0.20 0.98. 0.62 0.43 0.33
B 56N Wi 0.95 0.43 0.2 0.14 0.46 0.53 0.36 0.26
51w SP 0.95 0.47 0.24 0.14 0.95 0.56 0.38 0.26
su 0.88 0.43 0.30 0.16. 0.39 0.51 0.41 0.27
I 60N Wi 1.00 0.54 0.33 0.24 1.00 0.66 0.52 0.4
19W Sp 1.00 0.55 0.32 0.22 . 1.00 0.66 0.50 0.37,
su 1.00 0.47 0.2 0.19 1.00 0.59 0.46 0.33
A odis Wi 1.00 0.51 0.28 0.21 1.00 0.62 0.45 0.35
33w Sp 0.99 0.47 $.25 0.19 0.99 0.59 0.45 0.33
' su 0.99 0.47 0.25 0.17 0.99 0.56¢ 0.40 0.30
M 66N Wi 1.00 0.67 0.30 0.23 1.00 0.75 0.50 0.39
2E 'SP 0.99 0.74 0.34 0.24 0.99 0.80 0.53 0.40
su 0.95 0.52 0.28 0.19 0.96 0.62 0.45 0.34

* L
"Al1 Heights" relates to calculations done with the total cloud cover
(unmodified Lund and Shanklin's method) .
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- LOS

PCFLOS

H,
.‘J)

., PCFLOS (Ai’ Hj)
PCFLOS (Ai‘(SR)j)
. PCFLOS (Ai)

PCFLOS at angle A, through all clouds
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GLOSSARY AND NCTATION

Line of sight

Probability of a cloud-free line of sight
. th
i

th

value of the clevation angle A

i*" value of the cloud cover C '

Midrange of the low cloud base-height recording cell

Sensor height

S]ant'range to midrange of the jth height cell

(Ai' H.) matrix element of the real Qeather matrix .

(Ai' Hj) matrix element of Lund and Shanklin's universal matrix

Probability of the cloud cover taking the value Cj |

Contribution to PCFLOS (Ai‘ Hj) due to the base ‘height cell
with midrange at Hj :

PCFLOS at angle Ai and height Hj

PCFLOS at angle A, and slant range to height H,

G-1

L
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